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OPENING  ADDRESS 


RAILWAY  FUEL— A  REDUCIBLE  13  PER  CENT  OF  OPERAT- 
ING EXPENSES 

Bv  J.  Kruttsciixitt 
Chairman,  Executive  Committee,  Southern  Pacihc  Company 

The  United'  States  (jeological  Survey  warns  us  that  we  have  been 

depleting  those  of  our  coal  deposits  most  easily  mined  at  a  steadily  in- 
creasing rate :  that  we  have  mined  more  coal  in  the  last  twelve  years  than 
in  the  preceding  150. 

With  the  upward  trend  of  labor  and  material  costs  and  difficulties  of 
mining,  the  cost  of  coal  must  rise  steadily  in  the  future,  and  these  consid- 
erations should  stimulate  its  provident  use.  In  1921  the  railroads  used 
approximately  137,000,000  tons,  or  27.3  per  cent  of  the  total  production 
of  bituminous  and  anthracite  coal  in  the  United  States,  and  its  cost  of 
$594,479,000  constituted  13  per  cent  of  total  operating  expenses.  Let  us 
try  to  vistialize  the  coal  represented  by  these  figures,  which  are  bewilder- 
ingly  large :  it  would  require  68,500  freight  trains — 40  cars  to  the  train,  50 
tons  per  car — to  transport  it ;  they  would  have  to  follow  each  other  at  in- 
tervals of  about  seven  and  a  half  minutes  during  the  entire  year  to  pass  a 
given  point.  Assembled  in  one  pile  it  would  make  a  pyramid  with  base 
one  mile  square  and  590  feet  high. 

W^e  have  come  here  to  study  how  to  make  our  railroads  more  efficient 
public  servants,  and  to  devise  how  to  save  as  much  as  possible  of  the  13 
per  cent  of  operating  expenses  represented  by  fuel  cost.  Every  one  of 
us  should  admit  frankly  his  full  share  of  responsibility  for  our  shortcom- 
ings. Too  often  efforts  to  save  fuel  go  no  farther  than  to  criticize  the 
work  of  the  men  directly  chained  with  its  consumption,  and  thereafter  to 
rest  under  the  smug  impression  that  we  have  done  our  full  duty. 

While  all  r^gnize  the  great  influence  of  the  work  of  the  locomotive 

fireman  who  furnishes  the  steam  to  run  our  trains,  and  of  the  engineer 
who  applies  it  to  vitalize  inert  steel  and  iron,  on  net  earnings,  we  shall 
show  how  substantially  every  man  in  railroad  service  from  the  chief  execu- 
tive to  the  humblest  private  who  guards  our  permanent  way,  shares  in  the 
credit  or  discredit  of  operating  results. 

Fundamentally,  a  railroad  is  a  manufacturing  plant  designed  to  con- 
vert the  energy  locked  up  in  fuel  into  work  for  transportation  uses  on 
specially  designed  road^vays.  The  energy  conversion  is  by  means  of  lo- 
comotives, and  the  success  of  the  plant  depends  on  the  spread  between  pro- 
duction costs  and  selling  prices  of  output,  measured  in  this  case  in  passen- 
ger-miles and  ton-miles. 
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Fuel  is  the  largest  item  of  material  expense  on  a  railroad,  and  how- 
ever efficient  our  firemen  and  engineers  may  be,  their  efforts  Would  fall 
far  short  of  the  desired  end  without  the  perfect  co-ordination  of  every 
department  in  the  plant,  all  of  which  influence  cost  of  output. 

The  activities  of  a  railroad  are  centered  in  the  following  depart- 
ments ;  each  must  function  efi&ciently  alone  and  also  in  connection  with  all 
others,  in  order  to  attain  the  greatest  measure  of  success: 

I.   Executive  Department 

"The  location  of  a  railroad  is  giving  it  its  constitution.  It  may  be 
sick  almost  unto  death  with  accidents  of  construction  and  management, 
but  with  a  good  constitution  it  will  ultimately  recover."  The  Executive 
Department  must  determine  the  location  of  the  railroad  between  the  ter- 
mini that  the  railroad  is  to  connect ;  it  prescribes  the  amount  of  money  to 
be  spent  on  construction;  fixes  the  grade  and  curve  systems,  because  the 
ideal  railroad,  between  given  points,  would  be  absolutely  straight  and  of 
uniform  grade,  that  is,  devoid  of  undulations  in  alignment  or  profile.  The 
locomotive's  constunption  of  fuel  will  increase  in  proportion  to  the  grade 
and  curve  resistance  involved  in  departures  from  the  ideal  line.  When- 
ever a  ton  weight  is  lifted  one  foot,  an  amount  of  work  equivalent  to 
moving  it  333  feet  over  a  straight,  level  track  is  spent ;  and  every  time  a 
ton  weight  of  train  is  forced  through  100  feet  of  one  degree  curve,  the 
work  done  in  deflecting  it  from  a  straight  to  a  curved  path  is  equivalent  to 
moving  the  same  ton  over  16^  feet  of  straight,  level  track.  The  old  line 
of  the  Central  Pacific  between  Ogden  and  Lucin,  Utah,  in  a  distance  of 
146.7  miles  had  4,260  degrees  of  curvature,  and  rose  1,906  feet  west- 
bound. The  new  line,  the  Lucin  Cut-off,  in  102.9  miles  has  341  degrees 
of  curvature  and  rises  390.2  feet  westbound.  The  equated  straight,  level 
track  is  280.2  miles  for  the  old  and  128.6  miles  for  the  new  line.  It  takes 
one  pound  of  coal  on  the  new  to  move  as  much  as  2.2  pounds  of  coal 
moved  on  the  old  line. 

The  Executive  Department  must  determine  the  justifiable  outlay  to 
reduce  grades  and  curvature  on  existing  lines,  as  obviously  the  expendi- 
ture necessary  to  obtain  a  straight  line  between  two  points  without  any 
undulations  in  grade  might  be  commercially  prohibitive.  It  is,  therefore, 
of  the  greatest  importance  for  the  commercial  success  of  a  railroad  to  bal- 
ance the  money  cost  of  approaching  as  nearly  as  possible  ideal  conditions 
against  the  expected  advantages. 

Fuel  economy  can  often  be  effected  by  expensive  physical  improve- 
ments, such  as  installing  automatic  block  signals,  redesign  of  terminals,, 
modernizing  roundhouses  so  as  to  utilize  the  residual  heat  from  incoming 
locomotives  to  raise  steam  on  outgoing  ones,  and  by  increasing  the  num- 
ber and  lengths  of  sidings  to  save  delays  on  the  line.  On  the  executive 
rests  the  responsibility  of  balancing  the  interest,  maintenance  and  depre- 
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ciation  costs  on  large  capital  expenditures  against  possible  savings,  and 
of  providing  the  necessary  capital  if  the  investment  is  justified. 

II.  Accounting  Department 

The  Accounting  Department  keeps  track  of  earnings  and  expenses, 
records  the  history  of  operations,  and  acts  as  general  inspectors  to  expose 
poor  results  as  a  prerequisite  to  correcting  them.  No  expense  should  be 
spared  in  publishing  promptly  all  data  that  show  results  of  operation.  The 
record  traffic  handled  with  record  efficiency  in  1917  was  the  response  of 
the  railroads  to  the  monthly  data  sheets  first  issued  by  the  Railroads'  War 
Board,  which  now  are  issued  in  even  more  detail  by  tire  Interstate  Com- 
merce Commission  and  the  Bureau  of  Railway  Economies.  Fuel  accounts 
kept  with  individual  engineers  and  firemen  and  locomotives  furnish  rail- 
roads with  data  from  which  to  decide  definitely  what  type  of  locomotive 
is  the  most  economical  for  their  use,  and  whether  the  expense  of  applying 
and  maintaining  some  of  the  many  fuel-saving  devices  is  warranted. 
While  the  experience  of  the  men  who  make  the  decisions  will  usually  keep 
them  from  going  far  wrong,  yet  in  matters  involving  millions  in  both  cap- 
ital and  operating  expenses,  a  railroad  officer  should  not  be  satisfied  un- 
less he  has  definite  figures  on  which  to  base  decisions. 

III.   Traffic  Department 

The  Traffic  Department  sells  the  output  of  the  railroad  plant,  and  its 

contracts  as  to  loads  in  cars  and  character  of  service  exert  a  profound  in- 
fluence on  fuel  consumption. 

On  a  level  grade  at  a  speed  of  20  miles  per  hour  it  requires  460 
pounds  of  tractive  effort  to  haul  50  tons  in  two  cars  of  21  tons'  weight ;  it 
requires  only  270  pounds  to  haul  50  tons  in  one  car  of  the  same  weight, 
or  41  per  cent  less.  To  haul  the  same  car  and  contents  at  40  miles  per 
hour  increases  traction  from  270  to  412  pounds,  or  53  per  cent ;  hence  the 
importance  of  heavy  carloads  and  moderate  speed. 

IV.    Maintenanqe  of  W^ay  Department 

As  the  resistance  to  traction  of  locomotives  and  cars  varies  between 
wide  limits  with  the  condition  of  the  track,  the  Maintenance  of  Way  De- 
partment can  greatly  reduce  expenditure  of  energy  and  fuel  in  moving 
trains.  The  train  resistance  figure  commonly  used  of  six  pounds  per  ton 
of  2,000  pounds  at  low  speed  assumes  track  in  good  condition.  It  may 
very  easily  be  two  or  three  times  that  amount  on  poorly  maintained  track, 
laid  with  light  rail  in  bad  surface  and  with  low  joints,  etc.  The  heavier 
the  rail  and  the  better  the  ballast,  the  easier  it  is  to  maintain  good  align- 
ment and  surface,  the  less  will  be  the  deflection  under  loads,  and  the  less 
will  be  the  work  required  to  force  the  wheels  out  of  the  depression  caused 
by  weak  and  yielding  joints. 
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V.    Maintenance  of  Equipment  Department 

About  one-fifth  of  all  locomotive  coal,  or  25,000,000  tons,  in  1921 

was  consumed  when  the  locomotive  was  not  doing  useful  work:  in  firing 
up,  in  waiting  for  trains,  in  standing  on  sidings  and  passing  tracks,  in  de- 
lays at  terminals,  drawing  fire  and  waiting  at  ashpits. 

\\  hile  this  consumption  is  not  directly  productive,  it  is,  of  course,  not 
all  to  be  regarded  as  waste.  Lx)comotives  must  be  fired  up  and  their  fires 
must  be  cleaned,  but  substantial  economy  results  from  using  steam  blown 
off  incoming  to  heat  up  outgoing  locomotives.  A  certain  amount  of  time 
must  also  inevitably  be  spent  in  yards,  terminals  and  sidings.  AH  these 
are  essential  activities  incident  to  operation,  but  since  so  large  an  amount 
of  coal  is  involved  it  is  clearly  important  that  these  periods  should  be  re- 
duced to  a  minimum. 

This  is  part  of  the  fuel  conservation  problem  that  no  one  department 
solely  controls ;  the  chief  responsibility  lies  with  roundhouse  forces,  trans- 
portation officers  and  despatchers,  who,  by  the  exercise  of  forethought  and 
close  attention  to  details  of  grooming  and  assignii^  locomotives,  can 
achieve  substantial  results. 

Of  every  100  pounds  of  coal  burned  while  locomotives  are  running — 

1.  70  pounds  are  applied  in  making  steam; 

2.  14  pounds  go  out  of  the  stack  as  waste  heat  in  gases ; 

3.  8  pounds  go  out  of  the  stack  as  cinders ; 

4.  4  pounds  go  out  of  the  stack  as  unburned  gases; 

5.  4  pounds  go  into  the  ashpan  and  ashpit. 

These  figures  are  based  on  good  performance,  which,  of  course,  is 
much  better  than  the  average  of  all  the  locomotives  in  the  country. 

The  losses  under  heads  (2),  (3),  (4)  and  (5)  total  30  per  cent  and 
indicate  directions  in  which  efforts  to  save  fuel  should  be  made.  While 
it  is  impossible  to  eUminate  any  of  these  losses  entirely,  each  may  be  re- 
duced by  methods  of  proven  merit.  The  remaining  70  per  cent  of  the 
heat  in  the  coal  is  stored  in  the  steam.    Of  this  store — 

52  parts  are  lost  in  the  steam  exhatisted  from  the  stack,  on  its  way  to 
perform  some  useful  work  in  creating  draft; 

5  parts  are  lost  in  radiation ; 

7  parts  are  lost  in  operating  air-pumps,  injectors,  blower  and  other 
auxiliaries ; 

6  parts  are  used  in  useful  work  applied  at  the  locomotive  drawbar. 
70%— Total. 

The  percentage  of  useful  work  can  be  increased  from  6  per  cent  to 
8.1  per  cent,  or  35  per  cent,  by  the  use  of  methods  and  devices  that  we 
shall  enumerate. 
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In  designing  locomotives,  the  features  exercising  the  greatest  influ- 
ence on  fuel  efficiency  are : 

Careful  and  expertproportioning  of  engines,  boilers,  fireboxes,  grates, 
flues,  draft  appliances,  so  afe  to  produce  by  their  combination  the  most 
perfect  device  to  extract  their  full  heat  contents  from  fuels. 

With  the  increase  in  the  power  of  locomotives  and  the  use  of  higher 
steam  pressures,  mathematical  talent  to  replace  rule  of  thumb  has"  been 
called  on  to  compute  stresses  and  to  proportion  parts.  Questions  as  to 
adoption  of  alleged  improvements  are  difficult  to  decide,  as  they  involve 
first  cost,  interest,  maintenance  and  depreciation,  their  possible  efitct  on 
engine  failures  and  the  idle  time  of  the  locomotives  while  they  are  under- 
going repairs.  Sometimes  economy  of  operation  is  sacrificed  to  facilitate 
adjustment  and  repairs,  as  when  outside  valve  gears  replaced  the  old  Ste- 
phenson link  motion. 

The  practice  of  buying  locomotives  regardless  of  their  adaptaliility 
to  special  service,  as  was  done  during  Federal  control,  simply  because  they 
can  be  built  in  quantity  at  some  reduction  in  cost,  is  recognized  by  com- 
petent judges  as  the  poorest  kind  of  economy. 

WhWe  it  is  customary  to  speak  of  the  waste  of  fuel  in  the  average 
locomotive,  which  converts  but  6  per  cent  of  the  heat  in  fuel  into  useful 
work,  we  must  not  forget  the  extremely  unfavorable  OMiditions  under 
which  it  is  required  to  work.  On  account  of  space  limitations  it  cannot 
use  condensii^  engines,  and  thus  is  deprived  of  the  advantage  of  12  to  13 
pounds  additional  effective  cylinder  pressure.  It  is  driven  through  all 
kinds  of  weather  at  high  speed,  so  that  radiation  losses  are  very  great.  To 
meet  the  demands  made  on  its  boiler  for  steam,  explosive  draft  must  be 
used,  w  hich  expels  much  unburned  fuel  from  the  firebox ;  the  resultant 
effect  of  all  of  which  is  evidenced  in  low  thermal  efficiency.  The  Brake 
thermal  efficiency— or  percentage  of  energy  in  fuel  transformed  into  work 
^of  reciprocating,  condensing,  stationary  steam  engines  is  (boilers  ex- 
cluded) I'^o^ 

Of  steam  turbines  192% 

Average  of  eight  large  power-plants  (boilers  included  i  13.3% 

While  the  thermal  efficiency  of  non-condensing  steam  locomotives 
at  maximum  capacity,  equipped  with  proven  fuel-economizing 

devices,  is  from  -  7.3%  to    8.1 7© 

The  fuel-saving  devices  in  most  general  use  are : 

BRICK  ARCHES 

Brick  arches  built  into  the  firebox  mix  the  entering  air  thoroughly 

with  the  combustible  gases  rising  from  the  fire,  thereby  insuring  more  per- 
fect combustion  and  preventing  the  unconsumed  fuel  in  the  shape  of 
flames  from  taking  a  short-cut  into  the  flues,  where  they  would,  by  cool- 
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in^,  Avaste  much  of  the  heat  value  of  the  fuel.  Competent  authorities  as- 
sign them  a  fuel-saving  value  on  some  types  of  locomotives  of  about  12 
per  cent. 

SUPERHEATING* 

The  advantages  resulting  from  the  use  of  superheated  steam  are  due 

uiaiiily  to  two  properties : 

(a)  Prevention  of  Cylinder  Condensation.  Saturated,  non-super- 
heated steam  entering  the  cylinder  comes  into  contact  with,  and  gives  up 
heat  to,  the  metal  of  the  cylinder,  steam  passages  and  piston,  which  have 
been  cooled  during  the  preceding  period  of  expansion  and  exhaust.  Twen- 
ty-live per  cent  (25%)  or  more  of  the  entering  steam  may  be  condensed 
in  this  manner  before  cut  off,  and  thus  lose  its  capacity  for  useful  work. 

Since  superheated  steam  has  a  temperature  higher  than  that  corre- 
sponding to  the  point  of  condensation,  it  can  give  up  heat  to  the  cooled 
cylinder  walls  without  condensing  any  of  the  steam,  thus  entirely  avoid- 
ing cylinder  condemation. 

(b)  Larger  Volume  Per  Pound. 

Gage 

Pressure  Volume 
lbs.  per  Total  Heat       Cu.  ft. 

sq.  inch     Temperature         B.  t.  u.         per  tb 

Saturated  Steam   200        387.9^F.         1199.2  2.141 

200°F.  superheated  steam..   200        587.9°F.         13097  2.84 

Percent  increase   9.2%  32,7% 

Since  the  cylinder  takes  the  same  volume  of  steam  per  stroke  for  the 

same  cut-off,  it  is  obvious  that  substantially  less  pounds  of  steam  will  be  ^ 
used  for  the  same  work  done. 

Superheating  may  save  20  per  cent  of  fuel. 

FEED-WATER  HEATERS 

After  raising  a  poimd  of  water  to  its  boiling  point,  212°  Fahr.,  970 

thermal  units  (the  fJritish  thermal  unit  B.  t.  u.  being  the  amount  of  heat 
necessary  to  raise  the  temperature  of  one  pound  of  water  from  63"^  to  64° 
Fahr.)  are  required  merely  to  change  its  state  from  a  liquid  at  212^  to  a 
gas  at  212°;  conversely,  when  a  pound  of  steam  is  exhausted  from  the 
cylinders  of  a  locomotive  it  gives  up  over  970  thermal  units  in  condensing 
from  a  gas  into  a  liquid.  A  part  of  the  heat-energy  in  the  exhaust  steam 
is  utilized  to  create  the  draft  in  the  firebox  through  the  grates,  but  most  of 
it  ordinarily  is  wasted.  Feed-water  heaters  utilize  part  of  this  waste  heat 
to  raise  the  temperature  of  the  feed  water,  thereby  relieving  the  fuel  in  the 
firebox  from  heating  the  cold  feed  water  from  an  average  of  60°  Fahr.  up 
to  220°  Fahr.  and  saving  about  10  to  14  per  cent  of  fuel. 

The  combined  average  effect  of  these  three  devices  in  saving  fuel  on 
passenger  and  freight  locomotives  of  various  types  at  various  speeds  in 
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actual  service  is  given  below,  but  we  must  not  forget  that  these  figures 
vary  widely  for  different  locomotives,  speeds  and  classes  of  service,  thus: 

Average,  various 
types  and  speeds 

Arch   '.   9% 

Superheater    20% 

Feed-water  heater   10% 

Combined    34.5% 

These  three  devices  are  of  proven  value  and  are  coming  into  exten- 
sive use ;  however,  there  are  others  on  the  market  whose  claims  have  not 
yet  been  thoroughly  substantiated,  which  niay  develop  into  valuable  ad- 
juncts to  the  locomotive. 

The  savings  claimed  for  the  various  fuel-saving  devices  are  gross 
figures.  The  cost  of  applying  them  is  quite  large,  and  in  some'cases  not 
justified  by  the  age  or  obsolescence  of  the  locomotive ;  in  others,  is  beyond 
the  financial  ability  of  railroads  to  apply  them ;  hence  we  must  be  careful 
to  balance  cost  of  interest,  maintenance  and  depreciation  against  the  value 
of  the  fuel  saved.  The  net  saving  so  determnied — not  the  gross — will  show 
whether  the  money  to  provide  the  appliance  can  be  providently  expended 
or  not.  Experience  shows  that  thus  tested  the  gross  saving  of  super- 
heaters is  reduced  from  20  per  cent  to  about  17.4  per  cent ;  of  feed-water 
heaters  from  10  per  cent  to  about  6  per  cent. 

BOOSTERS 

Under  normal  conditions  a  locomotive  can  haul  as  much,  or  even 

more,  load  than  it  can  start.  The  booster  consists  of  a  pair  Of  independ- 
ent engines  coupled  to  the  trailer  wheels  of  locomotives,  thus  utilizing 
weight  not  otherwise  used  for  traction,  in  starting  and  quickly  accelerat- 
ing trains  and  in  reducing  violent  shocks  in  starting,  which  are  so  hard  on 
draft  gear  and  the  temper  of  passengers.  As  it  cuts  out  automatically  at 
a  speed  of  10  miles  per  hour,  it  uses  steam  at  low  speeds  when  the  boiler 
can  over-supply  the  main  cylinders.  It  is  therefore  an  indirect  but  valu- 
able fuel  saver  through  increased  locomotive  capacity.  It  can  add  about 
10  per  cent  to  the  drawbar  pull  of  heavy  freight  and  as  much  as  25  to  35 
per  cent  to  the  drawbar  pull  of  lighter  passenger  locomotives. 

However  excellent  may  be  the  design  of  the  locomotive,  close  and 
unremitting  attention  to  the  numberless  details  of  operation  is  necessary 
to  obtain  the  maximum  work  with  minimum  consumption  of  fuel.  \\  e 
can  touch  on  the  principal  ones  only  in  the  limited  time  at  our  disposal : 

FEED-WATER  PURIFIERS 

1.  After  selecting  the  softest  natural  feed  waters,  such  others  as  we 
may  have  to  use  should  be  chemically  treated  to  reduce  objectionable  im- 
purities to  a  minimum.    A  conservative  estimate  of  the  effect  of  scale 

241 


One-sixteenth  inch  thick  on  flues  is  to  increase  fuel  consumption  10  per 
cent.  The  Hungarian  State  Railroads  use  on  3,000  locomotives  a  mectmn- 
ical  feed- water  purifier  mounted  on  top  of  the  boiler.  The  water  on  en- 
tering the  purifier  is  subjected  to  full  boiler  pressure  and  temperature,  and 
d^x>sits  its  scale  in  and  on  this  adjunct  to  the  boiler  instead  of  in  the 
boiler  and  on  the  flues.  With  reduction  of  scale  there  is  a  direct  saving  in 
fuel  consumption,  while  a  reduction  in  frequency  of  boiler  washings  saves 
considerable  time  and  fuel.  Without  the  purifier,  locomotives  were 
washed  on  an  average  every  five  days ;  with  the  purifier,  every  54  days  or 
5,000  miles. 

LUBRICATION 

2.  Ail  journal  bearings  must  be  carefully  lubricated  to  reduce  fric- 
tion ;  must  the  center — and  side-bearings  of  cars,  the  friction  of  which 
prevents  ihe  adjustment  of  trucks  on  entering  and  leaving  curves,  and 
thereby  in  the  aggregate  causes  a  heavy  increase  of  the  resistance  to  trac- 
tion that  the  locomotive  must  overcome. 

3.  Wear  on  all  wheels  of  loccmiotives,  tenders  and  cars  must  be 
watched.  If  the  treads  are  worn  hollow  or  flanges  worn  vertical,  the 
areas  in  contact  with  the  rails  when  cars  are  oscillating  or  rounding  curves 
will  be  increased  and  friction  correspondingly  increased.  A  heavy  freight 
locomotive,  tender,  caboose  and  60  freight  cars  are  carried  on  over  500 
wheels;  a  slight  increase  in  the  friction  on  a  few  of  them  only  would,  in 
the  aggregate,  create  a  heavy  drag  on  the  locomotive. 

FLANGE  LtJBRICATION 

4.  Flange  lubrication  reduces  friction  between  rail  and  flanges,  and 
therefore  has  a  substantial  effect  in  reducing  fuel  consumption.    On  two 

roads  where  flange  lubrication  was  used,  locomotive  tires  showed  average 
miles  between  turnings  of  33,000  and  44,000  miles,  respectively,  compared 
with  16,000  and  23,000  without.  Wear  on  rails  in  curves  show  reduced 
wear  of  as  high  as  87  per  cent.  On  one  road  of  excessive  curvature  and 
grade  the  life  of  locomotive  tires  was  increased  375  per  cent  with  flange 
lubrication. 

FUEL  SPECIFICATIONS 

5.  To  insure  full  heat  value  the  specifications  for  fuels  purchased 
should  cover  their  value  in  B,  t.  u's. 

MAXIMUM  LOADS  IN  VEHICLES 

6.  Freight  cars  should  be  fully  loaded  as  far  as  may  be.  The  re- 
sistance of  a  train  of  empty  freight  cars  may  run  up  to  eight. pounds  per 
tcm ;  that  of  cars  with  average  loads  to  six  pounds  per  ton,  while  that  of 
heavily  loaded  cars,  of  total  weight,  60  to  70  tons,  may  be  as  low  as  four 
pounds  per  ton.  The  load,  in  other  words,  should  be  carried  in  as  few 
cars  as  possible. 
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REDUCTION  OF  DEAD  WEIGHT 

As  the  expenditure  of  fuel  in  hauling  a  ton  is  the  same  whether  or 
not  it  is  paying  freight,  it  is  evident  that  the  smaller  the  percentage  of  non- 
paying  or  dead  weight  to  total  weight  moved,  the  smaller  will  be  the  fuel 
consumption  in  hauling  the  paying  freight. 

The  United  States  Railroad  Administration  50-ton,  single-sheathed 
box  car  weighs  47,200; 

American  Railway  Association  50-ton  box  car  design,  42,400; 

Excess  weight  of  U.  S.  R.  A.  car— 4,800  pounds,  or  11.3  per  cent. 

Based  on  1921  data,  the  saving  in  fuef  by  eliminating  this  excess 
weight,  is  $9.12  per  car  per  year. 

As  far  as  practicable  all  weight  in  a  locomotive  above  what  is  needed 
for  adhesion  to  develop  traction  should  be  ehminated. 

Boiler  design  to  suit  class  of  service,  and  character  of  fuel,  requires 
considerable  flexibility  in  this  principle. 

7.  The  men  who  run  the  locomotives  should  understand  the  prin- 
ciple of  combustion  and  the  economical  use  of  steam.  If  too  little  air  is 
admitted  to  the  firebox,  much  of  the  fuel  in  the  shape  of  dense,  black 
smoke  will  leave  the  smokestack  imbumed  and  wasted;  if  too  much  is 
admitted,  all  in  excess  of  what  is  necessary  for  perfect  combustion  will  be 
uselessly  heated  and  pass  out  of  the  stack  carrying  valuable  heat  with  it — 
again  a  waste.  The  fireman,  master  of  his  business,  will  take  his  locomo- 
tive over  a  division,  never  allowing  black  smoke  to  leave  the  stack.  So 
the  experienced  engineer  will  run  uniformly,  using  just  enough  steam  to 
maintain  desired  speed  and  will  waste  none  in  bursts  of  speed,  which  must 
be  reduced  by  brake  application,  which  means  waste  of  power  and  conse- 
quently fuel.  The  work  units  expended  in  stopping  a  heavy  freight  train 
of  66  cars  weighing,  with  locomotive  and  tender,  6,203,700  pounds,  from  a 
speed  of  40  miles  per  hour,  is  332,000,000  foot-pounds,  or  427,000  B.  t. 
u/s.  In  storing  this  energy  in  this  train  a  locomotive  of  the  best  type  op- 
erating at  8  per  cent  efficiency  would  burn  380  pounds  of  coal. 

8.  Close  supervision  to  insure  (a)  schedules  that  can  be  made  with 
reasonable  certainty,  (b)  make-up  of  trains  to  minimize  way  and  terminal 
switching,  and  (c)  careful  tonnage  ratings  of  locomotives  to  avoid  over- 
or  under-loading,  effects  substantial  fuel  economies. 

STIMULATION  OF  INTEREST  AND  CO-OPERATION  IN  SAVING  FUEL 

Assuming  that  locomotives  are  properly  maintained,  in  order  to  ob- 
tain the  best  results  from  burning  fuel  we  must  inspire  the  interest  and 
secure  the  co-operation  of  the  men  on  the  footboards  of  our  65,000  travel- 
ing power-plants.  How  these  ends  are  attained  will  appear  from  a  brief 
of  the  practice  on  a  large  railroad  system  covering  many  states  and  oper- 
ated under  the  most  varied  topc^aphical  and  climatic  conditions. 
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1.  Thorough  monthly  inspections  are  made  of  all  parts  of  the  en- 
gines, boiler  and  appliances,  draft  arrangements,  etc.;  in  addition,  inspec- 
tors provided  at  each  terminal  inspect  engines  on  arrival  and  again  before 
departure  to  see  that  no  defects  remain  uncorrected  before  the  engine  be- 
gins its  trip. 

2.  Statistics  systematically  collected  and  classified  supply  a  com- 
plete history  of  operation.  To  be  of  most  use  they  are  issued  immediate- 
ly after  the  occurrences  they  record. 

(a)  A  fuel  bureau  receives  daily  report  of  train  and  locomotive 

movements  within  two  days  after  movement.  Ton-miles,  fuel  consumed 
per  1,000  ton-miles,  tons  per  train  for  each  individual  locomotive  and  each 
individual  engineer  and  fireman  are  then  computed,  and  the  results  put 
into  superintendent's  hands  three  to  six  days  after  movement,  so  short- 
comings can  quickly  be  detected  and  corrected. 

(b)  Monthly  statements  of  individual  performance  of  engineers,  fire- 
men, and  locomotives  are  prominently  displayed  on  l)ulletin  boards. 

(c)  A  sheet  recapitulating  results  by  divisions  is  also  issued  monthly. 

3.  On  each  division  a  fuel  committee  composed  of  4  engineers,  4 
firemen,  1  conductor,  1  brakenian,  serves  for  six  months  and  holds 
meetings  bi-monthly,  the  superintendent  acting  as  chairman.  The 
meetings  are  well  advertised  and  are  attended  by  the  superin- 
tendent's staff  and  employes  from  all  related  departments,  who 
offer  suggestions  freely.  Experts  on  operating  methods  and  appli- 
ances deliver  addresses.  Motion  pictures  illustrating  actual  road  condi- 
tions are  exhibited.'  Minutes  of  meetings  are  widely  distributed  and  pub- 
lished in  employees'  magazine. 

4.  To  create  emulation  between  divisions,  a  red  silk  banner  is 
awarded  quarterly  to  divisions  showing  greatest  improvement  in  the  pre- 
vious year. 

5.  Gold-plated  cap  badges  are  awarded  quarterly  on  each  division 
to  the  engineer  and  fireman  showing  best  fuel  record  in  through  and  local 
freight  and  passenger  service. 

6.  Each  superintendent  publishes  the  names  of  five  engineers  and 
five  firemen  having  the  best  fuel  records  for  the  month  in  through  and 
local  freight,  passenger  and  yard  service  on  a  r<jll  of  honor,  which  is 
posted  in  roundhouses  and  printed  in  employees'  magazine.  A  letter  of 
commendation  is  sent  to  each  man  whose  name  appears  on  the  roll. 

7.  The  company  sends  yearly,  at  its  expense,  38  men  consisting  of 
an  engineer  and  a  fireman  from  each  division  with  the  best  fuel  records, 
as  its  representatives  to  the  annual  convention  of  the  International  Rail- 
way Fuel  Association. 

As  a  result  of  the  policy  described  and  of  many  fuel-savit^  devices, 
the  company  referred  to  moved  26  per  cent  more  gross  ton-miles  per 
pound  of  fuel  in  1922  tlian  in  1913. 
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VI,   Transportation  Department 

We  have  shown  that  about  20  per  cent  of  all  locomotive'  Fuel  is  con- 
sumed when  the  locomotive  is  not  doing  useful  work.  The  fuel  losses 
involved  in  firing  np  outgoing  and  in  blowing  oflF,  watering,  sanding,  wip- 
ing and  issuing  supplies  to  incoming  locomoti\'cs  occur  while  the  loct)mo- 
tive  is  in  the  hands  of  the  Mechanical  Department,  but  these  losses  are 
directly  affected  by  the  despatch  and  movement  of  locomotives  that  are 
entirely  in  the  hands  of  the  Transportation  Department.  Other  sources  of 
fuel  loss  in  this  department  are  waiting  for  trains,  standing  in  sidings  and 
passing  tracks,  delays  at  terminals. 

(a)  Avoidable  losses  from  fuel  used  in  firing  up,  because  some  fuel 
must  be  used  for  this  purpose;  losses  from  unconsumed  fuel  drawn  from 
fireboxes,  from  blowing  off  and  cooling  down  at  end  of  runs;  losses  in- 
curred while  waiting  for  water,  sand  and  other  supplies  on  roundhouse 
tracks  can  be  very  greatly  lessened  by  reducing  the  frequency  of  these  occa- 
sions as  much  as  possible,  and  this  can  be  done  by  lengthening  the  runs  of 
both  passenger  and  freight  locomotives.  It  is  not  uncommon  now  to  run 
freight  locomotives  over  two  or  three  freight  divisions,  and  passenger  loco- 
motives over  four  freight  divisions,  before  cooling  them.    The  following 


are  some  examples  of  modem  practice : 

passenger 

Road  Run  Mileage 

M.  K.  &.  T.  Ry.    Parsons,  Kan.,  to  San  Antonio,  Texas  651 

Union  Pacific         Council  JJluffs,  Iowa,  to  Denver,  Colo   562.6 

Southern  Pacific    Ogden,  Utah,  to  Sparks,  Nev   536 

Southern  Pacific    San  Francisco,  Calif.,  to  Los  Angeles,  Calif  475 

FREIGHT 

Road  Run  Mileage 

Southern  Pacific    El  Paso,  Texas,  to  Del  Rio,  Texas   451 

Southern  Pacific    Houston,  Texas,  to  Algiers,  La   362 

Southern  Pacific    San  Antonio,  Texas,  to  Fort  Worth,  Texas   352 

Santa  Fe  Los  Angeles,  Cahf.,  to  Needles,  Cahf....  310 


(h)  W  e  have  shown  how  5?reat  loss  of  energy  occurs  when  a  heavy 
tram  is  stopped.  Close  attention  on  the  part  of  despatchers  will  reduce 
the  number  of  needless  stops,  and  careful  planning  will  avoid  fuel  waste 
from  locomotives  standing  in  sidings  hecause  of  poor  meeting  points,  and 
from  idle  time  at  terminals  waiting  for  trains. 

( c)  The  economy  of  moving  tonnage  in  as  few  cars  and  trains  as 
possible  and  reduction  of  empty  mileage  is  obvious. 

Trend  of  Current  and  Future  Economic  DKVi'UH^MKNT 
We  come  now  to  a  study  of  the  trend  of  current  and  future  economic 

development : 
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Much  idle  time  and  fuel  can  be  saved  by  carefully  designed  en- 
gine terminal  facilities,  such  as  hot-water  boiler-washing  plants,  well 
located  supply  tracks,  etc.,  and  above  all  ample  shops  and  modern  tools  to 
make  repairs  quickly. 

On  a  division  operated  with  consolidation  locomotives  where  water 
is  exceptionally  good,  16,000  pounds  of  fuel  are  saved  per  locomotive 
per  annum  by  the  installation  of  a  hot-water  boiler-washii^  plant* 

Such  improved  facilities,  while  requiring  large  capital  outlay,  will 
increase  the  productive  time  of  locomotives. 

The  burning  of  fuel  in  large  terminals  and  shops  should  be  central- 
ized as  far  as  practicable  in  order  to  eliminate  starting  and  stopping 
losses.  Through  free  use  of  individual  electric  motors  on'  large  tools 
and  ii^roups  of  small  tools  the  waste  of  running  long  lines  of  shafting, 
operating  tools  needlessly  when  but  one  or  two  on  the  line  are  used, 
can  be  eliminated  and  substantial  economies  can  be  effected  in  the 
16,000,000  tons  of  fuel  consumed  on  railroads  in  shops,  stations,  etc., 
etc  Twenty  per  cent  of  the  power  in  a  large  railroad  shop  was  saved 
by  eliminating  steam-pipe  losses  and  13%  more  by  abandoning  long 
lines  of  shafting  and  many  belts  through  the  substitution  of  electric 
for  steam  power.  The  changes  rq)resented  a  saving  of  $120,000  per 
year. 

In  locations  where  electrical  energy  can  be  purchased  at  lower 
cost  than  it  can  be  produced  by  the  railroad,  opportunities  for  sub- 
stantial fuel  savings  are  presented. 

The  effect  of  all  of  the  factors  influencing  increased  work  obtained 
out  of  fuel  is  shown  for  Class  I  railroads  in  table  A,  giving  the  pounds 
of  fuel  consumed  to  move  1,000  gross  ton-miles,  that  is,  combined 
weight  of  locomotive,  cars  and  lading,  for  1920,  1921  and  1922,  the 
only  years  for  which  complete  data  are  available;  and  in  table  B  for 
a  system  of  over  11,000  miles,  for  which  data  are  available  for  10  years: 

A  B 

1920.  172  1913  199 

1921  162  1915  173 

1922  -  163  1917  164 

Decrease  52fo  1919  150 

1921  151 

1922  results  were  adversely  1922  148 

aifected  by  tonnage  losses         Decrease  26% 

due  to  coal  strike. 

It  must  be  remembered,  however,  as  to  these  figures  that  improve- 
ments in  the  dcsi^^jn  of  the  locomotives  themselves  and  the  better  conser- 
vation of  heat  given  out  by  the  fuel  were  not  accomplished  in  a  short 
time,  but  follow  the  gradual  use  of  better  designs  and  fuel-saving  de- 
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vices.  The  railroads  in  the  past  ten  years  have  applied  fuel-saving  de- 
vices of  proven  worth  quite  freely.  There  are  some  64,528  locomotives 
in  the  United  States,  of  which  approximately  44,700  are  now  equipped 
with  brick  arches,  33,300  with  superheaters  and  about  300  only  with 
feed-water  heaters.  The  number  of  feed-water  heaters  is  extremely 
small;  they  have  but  recently  been  introduced  into  the  United  States, 
but  it  is  encouraging  to  note  that  360  are  included  in  locomotives  now 
under  construction. 

It  IS  interesting  and  encouraging  to  observe  from  the  table  given 
above  that,  barring  occasional  reverses,  the  improvement  in  the  work 
obtained  from  a  pound  of  fuel  is  constant,  but  it  is  neither  interestit^ 
nor  encouraging  to  reflect  that  we  are  indebted  to  European  engineers 
for  most  of  the  improvements  now  in  use  on  our  locomotives.  This  is 
the  case  with  the  improved  outside  valve  gear,  superheaters  and  feed- 
water  heaters,  some  details  of  which,  however,  have  been  designed  by 
American  ei^neers,  but  nevertheless  it  is  mortifying  to  admit  that  the 
principles  underlying  these  devices  were  not  first  used  in  our  country. 
The  reason  of  course  is  that  heretofore  fuel  has  been  so  cheap  and 
easily  obtained  with  us  that  there  was  little  inducement  to  pay  much 
attention  to  its  conservation;  conditions  have  radically  changed  in  the 
last  few  years,  however. 

The  two  principles  affecting  most  profoundly  the  ^ciency  of  sta- 
tionary steam  engines  are  compounding  and  condensing.  Compound- 
ing alone  increases  the  efficiency  of  an  engine  from  12%  to  15%,  and 
condensing  alone  may  increase  it  as  much  as  30%,  that  is,  condens- 
ing alone  would  increase  the  efficiency  of  fuel  consumption  of  locomo- 
tives nearly  as  much  as  brick  arch,  superheater  and  feed-water  heater 
combined,  which  we  have  already  seen  amounts  to  34^%.  Compound- 
ing, which  has  been  used  in  the  United  States,  at  one  time  very  much 
more  than  now,  will  certainly  come  into  use  again;  so  that  the  combined 
effect  of  all  the  devices  we  have  described,  with  compounding  and  con- 


densing superadded,  would  be: 

Brick  arch  would  reduce  fuel  consumption  to  91.0% 

of  the  normal  consumption  at  the  present  time. 

The  superheater  added  would  reduce  it  to  72.8% 

The  feed-water  heater  added,  to  65.5% 

Using  condensing  engine,  to  .49.1% 

Compounding,  to   -  42.7% 


Our  European  railroad  brothers  are  fully  alive  to  the  advantat^es 
of  using  a  condensing  engine  on  the  locomotive,  as  evidenced  by  de- 
scriptions that  have  appeared  in  the  technical  press  in  the  past  year 
or  two. 
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Turbine  Locomotives 

Swiss  Federal  Railways^  says  the  Railway  Review  of  April  16,  1921, 
are  testing  a  10-whe^I  type  locomotive,  with  superheater,  driven  by  a 
condensing  steam  turbine,  located  on  locomotive  frames  in  front  of 
smoke  box.  Power  is  transmitted  through  reducing  gears  to  a  horizontal 
crankshaft,  which  in  turn  transmits  it  to  three  pairs  of  drivers.  The 
turbine  makes  8,000  revolutions  a  minute.  Exhaust  from  turbine  is 
condoised  in  condenser  located  under  boiler,  with  water  supplied  from 
tender.  This  water  used  in  condensation  is  cooled  down  by  dripping 
from  the  specially  designed  tender  roof,  which  extends  as  a  hood  over 
the  tender.  The  draft  is  furnished  by  a  special  fan  located  in  front  of 
the  firebox,  no  steam  being  wasted  to  produce  a  draft  in  the  firebox. 
It  is  claimed  that  tests  so  far  show  reduction  of  fuel  consumption  of 
25%  compared  with  compound  locomotives  of  usual  construction,  and 
very  smooth  running  at  high  speeds  on  account  of  the  reduction  of  heavy 
reciprocating  parts. 

Swedish  State  Railway  has  built  a  turbine  locomotive  described  in 
the  Railway  Review,  August  12,  1922.  It  consists  of  two  units.  The 
front  unit,  or  what  is  usually  the  locomotive,  carries  the  fuel  in  saddle 
tanks  on  the  rear  end  of  the  boiler ;  it  also  carries  the  condensing  plant, 
the  superheater  and  an  independent  turbine-driven  draft  fan  and  an 
air  pre-heater.  The  tender  on  which  the  machinery  rests  is  supported 
on  a  truck  with  six  driving  wheels  73  inches  in  diameter  and  on  a  trailer 
with  two  33-inch  wheels.  The  motive  power  is  furnished  by  a  con- 
densing steam  turbine  of  1,800  horse-power  carried  on  the  front  end  of 
the  tender,  which  by  means  of  reduction  gear  drives  the  three  pairs  of 
coupled  wheels.  The  locomotive  develops  a  maximum  tractive  effort 
of  27,000  pounds  and  is  designed  to  operate  in  fast  passenger  service 
up  to  60  m.  p.  h.  In  a  local  run  of  82  miles  with  a  600-ton  passenger 
train  the  coal  consumption  showed  a  reduction  of  50%  below  that  of 
a  Pacific  type  locomotive,  which  it  replaced,  averaging  67  pounds  per  thou- 
sand ton-miles ;  with  a  through  train— it  fell  to  37  pounds  per  thousand 
ton-miles. 

The  most  original  and  interesting  feature  in  this  locomotive  is  the 
air  pre-heater,  designed  with  the  superheater  to  utilize  the  heat  in  the 
waste  gases  of  combination,  which  leave  the  ends  of  the  boikr  tubes 
at  a  temperature  of  about  600''  F.  The  draft  in  the  firebox,  supplied 
by  a  fan,  is  free  of  the  sharp  blasts  of  the  ordinary  locomotive,  and 
avoids  shaking  up  the  fire  and  blowing  unconsumed  fuel  out  of  the 
stack. 

High  pressure  steam  frcwn  the  superheater  passes  directly  to  the 
main  turbine,  to  the  independent  draft  turbine  and  to  boiler  feed-pump. 
This  f eed*pump  forces  the  condensate  into  the  boiler  through  three  f eed- 
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water  heaters  in  series,  in  which  the  feed  water  is  raised  to  a  high  tem- 
perature with  the  exhaust  stesun  from  the  auxiliaries  and  main  turbine. 

It  is  claimed  that  this  locomotive,  known  as  a  T.jungstrom  Locomo- 
tive, shows  a  fuel  consumption  of  about  50%  only  of  that  of  a  Pacific 
type  locomotive,  which  it  replaced  on  its  present  run. 

The  London  and  Northwestern  Raikoad  has  built  an  experimental 
locomotive  driven  by  a  condensing  turbine  which  operates  a  generator, 
and  the  power  is  applied  to  the  driving  wheels  through  four  electric 
motors  of  275  horsepower  each.  The  condensing  apparatus  is  carried 
on  the  rear  one  of  a  double  unit. 

Electric  Locomotives 

Where  electric  current  can  be  generated  from  water  power,  trains 
can  be  moved  very  cheaply,  but  where  the  current  is  generated  in  a  steam 
plant  the  advantages  are  not  so  patent. 

The  United  States  Geological  Survey  Professional  Paper  No.  123 
gives  the  best  fuel  rate  of  eight  large  steam-electric -plants,  out  of  a  total 
of  400  plants  studied  in  1919,  as  2.14  lbs.  of  coal,  or  28,000  B.  t.  u.'s, 
to  produce  one  kilowatt  hour;  hence  as  one  kilowatt  hour  equals  3,413 
B.  t.  u.'s,  the  loss  in  converting  the  energy  in  coal  into  electric  energy 
was  24,587  B.  t.  u.*s,  or  87.8% ;  in  other  words,  out  of  1,000  h.  p.  po- 
tential energy  in  coal,  878  h.  p.  is  lost  in  converting  it  into  electric  energy 
by  the  most  modern  and  efficient  steam  boilers  and  engines  driving  the 
most  efficient  electric  generators  then  known.    This  leaves  122  h.  p. 
available.   In  transmitting  this  power  to  motors  of  an  electric  locomotive 
the  average  loss  is  19%,  or  23.18  h.  p.,  leaving  98.82  h.  p.  out  of  the  orig- 
inal 1,000  available  for  work  ;  but  the  internal  losses  of  the  electric  locomo- 
tive will  consume  15%  of  this  amount,  reducing  to  84  h.  p.  the  energy  to 
move  trains.  The  efficiency  of  the  fuel  from  coal  to  driving-wheel  contact 
with  rail  is  but  8.4%.  The  corresponding  efficiency  of  a  modem  steam  loco- 
motive with  arches,  superheater  and  feed- water  heater  is  8.1%  under  fa- 
vorable conditions.   While  under  average  conditions  at  the  present  time 
the  advantage  may  be  more  than  the  3.7%  indicated  in  favor  of  the 
electric  locomotive,  the  spread  is  hardly  attractive  enough  to  tempt  cap- 
ital to  assume  the  expense  of  interest,  depreciation,  tax  and  maintenance 
expenditures  that  would  have  to  be  incurred  in  changing  from  steam 
to  electricity  genen^ed  in  a  steam  plant.    The  soundness  of  this  con- 
clusion was  demonstrated  by  studies  made  of  the  Sierra  Nevada  and 
other  heavy  grades  on  the  Southern  Pacific,  where  trains  are  lifted  6,854 
feet  in  86  miles.    Assuming  the  current  generated  in  a  steam  station, 
the  interest,  taxes,  depreciation  on  additional  }iet  plant  required  were 
demonstrated  to  be  more  than  three  times  as  great  as  the  estimated 
savings  in  operating  costs  to  be  obtained  from  electric  operations. 

249 


Other  considerations,  such  as  smoke  prevention,  increasing  capacity 
on  heavy  grades,  may  influence  the  problem,  but  we  cannot  recall  any 
instance  of  a  change  being  made,  where  a  steam  generated  current  was 
used,  solely  for  saving  fuel.  The  steam  locomotive  is  by  no  means  as 
obsolescent  as  the  propagandists  for  electric  traction  would  have  us 
believe.  In  an  address  "The  Last  Stand  of  the  Reciprocating  Steam 
Engine,"  published  in  the  March,  1920,  edition  of  the  Journal  of  the 
American  Institute  of  Electrical  Engineers,  a  fuel  consumption  of  100 
pounds  per  1,000  gross  ton-miles  by  electric  locomotives  is  given  as  ap- 
plicable "to  conditions  universally  obtaining  on  regular  profiles."  Data 
pubhshed  by  the  Bureau  of  Railway  Economics  in  September,  1921, 
show  that  liie  fuel  consumption  on  24,000  selected  miles  of  steam  railn 
road  averaged  but  slightly  over  100  pounds  per  1,000  ten-miles.  Em- 
braced in  this  mileage  was  the  New  York  Central,  Illinois  Central, 
Chesapeake  &  Ohio,  and  St.  Louis  Southwestern.  On  3,142  miles,  or 
60%  of  Southern  Pacific  main-line  mileage,  the  fuel  consumption  in  the 
same  month  was  approximately  100  pounds,  while  on  the  Salt  Lake 
Division,  543  miles,  the  fuel  record  in  October,  1921,  averaged  91  pounds 
per  1,000  gross  ton-miles,  for  all  locomotives. 

These  are  every-day  performances,  while  we  must  remember  that 
in  the  case  of  the  Swedish  experimental  locomotive,  and  in  records  of 
electrically  operated  trains,  the  data  relate  either  to  experimental  runs 
or  to  performance  under  exceptional  ccmditions. 

The  performance  of  the  modernized  steam  locomotive  in  every  day 
service  without  favorable  stage  setting  is  shown  in  the  records  of  some 
American  roads.  On  one  of  them,  26  superheated  consolidation  loco- 
motives showed  in  daily  service  on  a  run  with  long  grades  of  21  feet 
per  mile  an  average  consumption  of  63>4  potmds  of  coal  per  1,000  gross 
ton-miles,  ranging  from  55.8  to  71.7. 

Still  more  creditable  to  the  steam  locomotives  and  the  men  who 
drive  them  are  the  records  of  individual  runners.  Engineer  A  in  two 
trips  with  trains  of  2,809  tons  consumed  48.7  pounds  per  1,000  gross 
ton-miles ;  Engineer  P  in  eight  trips  with  trains  of  2,863  tons  consumed 
58.2  pounds  ;  Engineer  R  in  fourteen  trips  with  trains  of  2,411  tons  con- 
sumed 58.3  pounds. 

Internal  Combustion  Engines 

These  engines  vary  widely  in  thermal  efficiency  and  weights  per 
imit,  thus: 

Weight  per     Brake  Thermal 

Brake  Horsepower  Efficiency 

Automobiles   -          15  pounds  19.0% 

Diesel  four-cycle  370  pounds  35.0% 

Diesel  two-cycle   250  pounds  30.0% 
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The  use  of  the  first  type,  except  perhaps  for  short  runs  in  excep- 
tional conditions  with  light  vehicles,  is  prohibitive  on  railroads,  because 
although  the  automobile  engine  is  two  and  one-third  times  as  efficient  as 
the  steam  locomotive  the  present  cost  of  its  fuel  is  ten  times  as  great. 

The  Diesel  engine,  however,  shows  the  highest  thermal  efficiency  of 
any  engine  ever  designed.  We  have  seen  that  the  most  modern  locomotive 
transforms  but  about  8%  of  the  heat  energy  of  fuel  into  work;  the  Diesel 
transforms  35%,  or  over  four  times  as  much.  Its  fuel  .(crude  oil,  com- 
monly called  Diesel  Oil)  is  not  converted  into  gas  as  in  gasoline  engines, 
but  is  burned  in  the  cylinder  in  the  form  of  spray,  and  the  expansive  force 
of  the  products  of  combustion  provides  the  motive  power.  Like  the  gas 
engine,  however,  it  cannot  start  itself ;  this  is  usually  done  by  means  of 
compressed  air  carried  in  storage  tanks.  The  fuel  injected  into  the  cylinder 
in  the  form  of  fine  spray  meets  air  intensely  heated  by  compression  to 
400  or  500  pounds  to  the  inch,  and  flashes  into  perfect  combustion ;  the 
products  of  combustion  acting  on  the  piston  furnishing  the  motive  power. 
Because  of  its  inability  to  start  itself  it  must  use  some  form  of  variable 
speed  transmission  to  start  trains ;  the  best  way  so  far  devised  consists 
.of  electric  transmission,  but  the  combined  engine  and  generator  plants 
are  so  heavy  as  to  bar  its  use  for  heavy  traction.  Because  of  its  high 
thermal  efficiency,  the  Diesel  engine  offers  opportunity  to  make  great 
savings,  and  its  future  is  very  hopeful. 

The  Swiss  Federal  Railways  have  a  Diesel-Electric  200  h.  p.  rail 
motor  car  in  use.  It  seats  69  passengers;  weighs  light.  146,000  pounds; 
hauls  a  trailer  weighing  66,000  pounds  that  apparently  seats  as  many 
passengers  as  the  motor  car,  and  attains  a  speed  of  37  miles  an  hour  on 
a  fuel  consumption  of  30  to  43  pounds  per  1,000  gross  ton-miles. 

The  designs  of  an  Italian  Diesel  Locomotive  show  the  following : 

Weight  in  operation,  approximately   117  tons 

Horsepower  at  18>^  m.  p.  h   1,000  h.  p. 

Tractive  eflfort  at  18>^  m.  p.  h  19,840  pounds 

The  locomotive  is  started  by  highly  compressed  air  stored  in  tanks 
and  fed  to  cylinders  at  each  end  of  the  locomotives,  which  start  it  until 
sufficient  speed  is  attained  to  start  the  Diesel  engines;  when  the  com- 
pressed air  is  cut  off.  The  air  tanks  are  recharged  by  means  of  a  con- 
nection with  the  main  engines. 

The  locomotive  has  three  sets  of  cylinders,  placed  horizontally ;  two 
in  each  set  actuating  opposed  pistons,  which  by  means  of  walking  beams 
and  connecting  rods  transmit  power  directly  to  the  forward  and  rear 
driving  wheels  through  cranks  set  at  angles  of  120°. 

The  locomotive  is  reversed  by  means  of  link-motion  gear,  which 
reverses  the  action  of  the  starting  cylinders,  and  as  the  Diesels  function 
equally  well  in  both  directions  and  do  not  go  into  action  until  aftfcr  the 
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locomotive  has  started,  they  operate  in  whichever  direction  the  locomo- 
tive is  started. 

An  experimental  set  of  engines  has  been  constructed  but  no  locomo- 
tive, so  that  unfortunately  no  results  of  operation  are  obtainable. 

The  estimated  fuel  savins^  over  a  steam  locomotive  is  667^  %. 

This  design  shows  progress  in  adapting  the  Diesel  engines  to  loco- 
motives of  serviceable  commercial  sizes,  particularly  in  solving  the  prob- 
lem of  woiuht,  as  tlie  Aveidit  of  a  steam  locomotive  and  tender  to  de- 
velop  about  20,000  pounds  tractive  effort  is  150  tons. 

Use  of  Low-Grade  Fuels  and  Slack  Coal,  Lignites 
Little  use  is  now  made  of  lig■nites^ — low-grade  fuels  of  which  we 
have  enormous  supplies  in  the  United  States.   Much  of  it  is  easily  mined 
at  shallow  depths,  and  its  extensive  use  would  save  a  corresponding 
amount  of  our  higher-grade,  more  expensive  fuels. 

pulverized  fuel 

A  good  many  experiments  of  varying  success  have  been  made  in 
burning  pulverized  fuel  on  locomotives. 

Reports  of  tests  made  on  the  Santa  Fe  do  not  indicate  any  very 
conclusive  results. 

Experiments  on  New  York  Central  with  10-wheel  freight  locomo- 
tives with  60  to  65  freight  cars,  with  pulverized  fuel,  B.  t.  u.'s  from 
14,000  to  14,739  per  pound,  show  consumption  on  three  tests  70  pounds 
per  1,000  ton-miles  on  lowest  and  86  pounds  per  1,000  ton-miles  on 
highest.  General  results  excellent ;  there  was  less  than  one  aibic  foot  of 
slag  and  practically  no  ash  in  hrebox  and  no  soot  on  the  flues  at  the 
end  of  each  trip. 

Chicago  6c  Northwestern  experiments  in  road  passenger  service  sat- 
isfactory as  to  steam  and  time-making.  B.  t.  u.'s  in  fuel  per  poimd  13,964. 
A  test  of  North  Dakota  lignite,  B.  t.  u.'s  10,960,  proved  generally  satis- 
factory. 

TRENT  AMALGAM  PROCESS 

Pulverized  anthracite  and  bituminous  slack  is  mixed  with  about  six 
times  its  weight  of  water.  The  product  is  fed  into  agitators,  into  which 
thin  streams  of  30'  liaume  fuel  oil  are  introduced  in  four  different  stages 
of  agitation.  The  oil  amalgamates  with  the  fine  particles  of  coal.  The 
effluent  flows  into  a  belted  sieve,  the  amalgam  being  conveyed  to  the 
finished  product  pile  and  the  liquid  passing  through. 

The  process  seems  to  be  based  on  the  discovery  that  the  amalgam 
of  oil  and  coal  occurs  in  particles  just  too  large  to  pass  through  a  sieve 
throtigh  which  the  dirty  water  will  pass. 

1  he  amalgam  is  a  plastic  product,  which  has  been  used  to  some 
extent  in  heating  oftice  buildings  in  Washington. 
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Tests  on  locomotives  on  the  Richmond,  iM'edericksburg  &  Potomac 
Railroad  and  in  yard  service  by  the  Baldwin  Locomotive  works  proved 
very  satisfactory.  The  amalgam  was  high  in  B.  t.  u.'s  and  produced  no 
ash. 

COLLOIDAL  FUEL 

"Colloidal  fuel  is  a  stable  liquid  mixture  of  pulverized  coal  or  coke 
suspended  in  mineral  oil  or  blended  oil  and  tar.  It  is  atomized  and 
burned  as  a  liquid  fuel,  using  the  ordinary  pre-heat  of  fuel-cjil."  *  *  * 

It  ranges  from  a  free  flowii^  fluid  containing  30%  of  powdered 

coal,  69%  of  oil  and  1%  of  fixature  to  mixtures  containing  as  high  as 

60fo  of  coal ;  B.  t.  u.'s  16,675. 

The  use  of  these  coal  and  oil  mixtures  immediately  increases  the 

available  fuel  oil  supply  by  from  35  to  50%,  at  the  same  time  produc- 
ing a  fuel  that  gives  an  almost  equivalent  B.  t.  u.  content  at  a  cost  of  from 

15%  to  25%  less  than  fuel  oil. 

From  what  we  have  shown  it  would  seem  that  the  hope  of  the 

future  for  conserving  fuel  lies  in: 

1.  Substituting  hydro-electric  current  for  steam,  as  our  best  steam 
locomotives  can  now  fully  equal  the  efficiency  of  electric  locomotives 
using  current  generated  in  >team  power  stations. 

2.  Substituting  steam  turbines  or  compound  condensii^  or  tur- 
bine condensing  engines  for  the  simple  engines  now  used  on  our  loco- 
motives. From  progress  already  made  in  Europe,  the  solution  of  this 
problem  appears  encouraging. 

3.  The  discovery  of  a  cheap,  high-gravity  fuel  that  can  be  used 
in  some  such  engine  as  is  used  on  automobiles  and  airplanes. 

4.  Reduction  of  the  weights  of  Diesel  engines  sufticicntl\  to  per- 
mit of  their  use  as  locomotive  engines.  Qaims  have  been  made  tliat  by 
compounding  Diesels  can  be  made  to  weigh  about  one-sixth  as  much  as 
they  now  do,  but  as  yet  these  claims  liave  not  been  substantiated,  in  the 
form  of  a  commercially  practicable  engine. 

5.  The  development,  of  a  satisfactory  variable  speed  transmission 
gear,  to  couple  the  Diesel  engine  to  the  driving  wheels  of  a  locomotive, 
which  will  weigh  very  nuich  less  than  the  electric  generator  and  motor, 
would  go  far  towards  establishing  die  Diesel  engine  as  a  locomotive 
prime  mover. 
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Emmons 
CoaltUining 
Company 

Lmd  Title  BwiMnig 
Philadelphia,  Pa. 

Mine  Oporatots  and 
Exclusive  Sales 
Agents 

Our  operations  located  in  the  best  Eelds  of  Penn- 
sylvania, West  Virginia,  Ohio,  Indiana  and  Illi- 
nois, produce  high-grade  Steam  and  Gas  Coals, 
which  are  especially  suited  for  LOCOMOTIVE 
uses. 

Your  FUEL  inquiries  are  requested. 

Sales  Agents  for  IRVONA  COAL  AND  COKE 
COMPANY,  producers  of  the  celebrated 
IRVONA  MUler  Vein  Smithing  Coal. 
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Quality  and  Service  at  All  Times" 
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ADVERTISING  1923  PROCEEDINGS 


The  following  memorandum  explains  the  plan  of  handling  our  ad- 
vertising for  the  year  1923. 

Each  advertiser  in  the  1922  Book  of  Proceedings  who  signifies  the 
intention  of  advertising  in  the  1923  Book  of  Proceedings  may  have  the 
1922  advertisement  repeated  in  one  of  the  1923  pamphlets  contaniing  the 
advance  reports  and  papers,  witliout  additional  charge  and  may  make  any 
desired  change  in  the  advertisement  before  June  first  for  indusion  in  the 
Book  of  Proceedings. 

All  advertisers— both  1922  and  new  ones— by  promptly  submitting 
new  copy,  may  have  the  advertisement  appear  in  both  the  Book  of  Pro- 
ceedings and  in  one  of  the  pamphlets  containing  the  advance  copies  of 
papers  and  reports,  tlie  rates  being : 

One-half  page   :  25.00 

•Full  page   ^^-^ 

Inside  front  and  inside  back  covers   75.00  (Front  Taken) 

Pages  next  to  inside  front  and  inside  back 
covers   75.00  (Front  Taken) 

Pages  next  to  reading  matter   75.00  (Front  Taken) 

Outside  back  cover   300.00  (Taken) 

Size  of  page  is  6x9  inches  and  size  of  type  space  4j4x7}4  inches. 
It  is  hoped  that  all  advertisers  will  avail  themselves  of  this  double  cir- 
culation at  one  price. 

In  order  to  stimulate  the  securing  of  advertisements  we  will  credit  the 
advertisement  to  any  member  (or  divide  the  credit  between  two  or  more 
members)  of  the  Association,  or  in  the  event  no  designation  is  made,  wc 
will  credit  same  to  the  "Association." 


255 


Below  is  a  list  of  those  who  have  so  far  signified  their  intention  of 

advertising  in  the  1923  Proceedings.  Please  solicit  advertising  from  those 
not  listed.  Your  prompt  handling  of  this  matter  will  prevent  delay  in  is- 
suance of  the  Proceedings. 

LIST  OF  ADVERTISERS  1923  PROCEEDINGS 


Adams,  Rowe  &  Norman 

Aetna  Combustion  Company 

American  Arch  Company 

C.  L.  Ayers  Coal  Company 

Bell  &  ZoUer  Coal  Company 

Berwind  Fuel  Company 

Bewley-Darst  Coal  Company 

Big  Creek  Coals,  Inc. 

Blackwood  Coal  &  Coke  Company 

Walter  Bledsoe  &  Co. 

Brothers  Valley  Coal  Company 

Buffalo-Pitts  Company 

Carbon  Fuel  Company 

Central  Coal  &  Coke  Company 

Century  Coal  Company 

Chicago,  WiL  &  Franklin  Coal  Co. 

Coal  Operators  Sales  Company 

Colorado  Fuel  &  Iron  Company 

The  Consolidated  Coal  Co.  of  St.  Louis 

The  Consolidation  Coal  Company 

R.  M.  Davis  Coal  Company 

Dawson  Fuel  Sales  Company 

Dearborn  Chemical  Company 

J.  K.  Dering  Coal  Company 

Elkins  Fuel  Company 

Elvin  Mechanical  Stoker  Company 

Emmons  Coal  Mining  Company 

Erie  Coal  Mining  Company 

Ford  Collieries  Company 

Franklin  Railway  Supply  Company 

Galena  Signal  Oil  Company 

Gatiky  Mountain  Coal  Company 

Grider  Coal  Sales  Agency 

M.  A.  Hanna  &  Co. 

Percy  Heilner  &  Son 

Hulson  Grate  Company 

Hunt-Spiller  Mfg.  Corporation 

Hutchinson  Coal  Company 

Industrial  Works 

Indiana  &  Illinois  Coal  Corporation 
International  Correspondence  Schools 
Island  Creek  Coal  Company 
Johns-Manville,  Inc. 
Leckie  Coal  Co.,  Inc. 
Locomotive  Finished  Material  Co. 
LfOcomotive  Firebox  Company 
Locomotive  Stoker  Company 
John  A.  Logan  Coal  Company 
F.  R«  Long  &  Company,  Inc. 


Madeira,  Hill  &  Company 

Maher  Collieries  Company 

Manning,  Maxwell  &  Moore,  Inc. 

Marion  County  Coal  Company 

W.  A.  Marshall  &  Company 

Midland  Coal  Company 

Midvale  Coal  Company 

Monmouth  Coal  Company 

Monro-Warrior  Coal  &  Coke  Company 

Nason  Coal  Company 

National  Boiler  Washing  Company 

Old  Ben  Coal  Corporation 

The  Oxweld  Railroad  Service  Co. 

Peabody  Coal  Company 

Penn  York  Coal  &  Coke  Company 

Pennsylvania  Coal  &  Coke  Corpora- 
tion 

The  Pittsburgh  &  Ohio  Mining  Co. 

Providence  Coal  Mining  Company 

Pratt  Consolidated  Coal  Company 

The  Pyle-National  Company 

The  Rocky  Mountain  Fuel  Company 

Sitnek  Fuel  Company 

Smokeless  Fuel  Company 

Smoky  Hollow  Coal  Company 

Southern  Coal  Company 

Southern  Coal  Coke  &  Mining  Co. 

Southwestern  Coal  Company 

Standard  Coal  Company 

Standard  Stoker  Company 

Star  Coal  Co.  (of  Galesburg) 

Star  Coal  Company  (of  Kansas  City) 

The  Superheater  Company 

Swastika  Fuel  Company 

The  Texas  Company 

The  Tildesley  Coal  Company 

The  B.  C.  Tucker  Coal  Company 

Union  Collieries  Company 

The  Valley  Camp  Coal  Company 

Wallace  Coal  Company 

Wentz  Company 

West  Kentucky  Coal  Company 

West  Virginia  Coal  Company  of  St. 

Louis 
Whitley  &  Foedisch 
Whitney  &  Kemmerer 
Worthington    Pump    &  Machinery 

Corporation 
Youghiogheny  &  Ohio  Coal  Company 
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CREDIT  FOR  SECURING  1923  ADVERTISING 

The  following  have  been  credited  with  1923  advertising  in  amounts 


shown: 

Name  Amount 

L  R.  F.  A  ^  :  $  900 

J.  G.  Crawford   600 

W.  L.  Robinson   425 

C  M.  Butler.   400 

J.  N.  Clark   225 

T.  Duff  Smith  ^   200 

C  P.  Dampman   200 

T.  C.  Bowden  -   150 

C.  H.  Dyson   125 

H.  Woods    100 

P.  E.  Bast   75 

Robt  CoUett   75 

W.  J.  Bohan  -   50 

O.  J.  Brown  -   50 

Jos.  Keller    50 

J.  F.  Ryan   50 

H.  T.  Bentley.   25 

J.  W.  Dodge  :   25 

J.  F.  Manning   25 

Hugh  McVeagh   25 

L.  R.  Pyle  -  «   25 


Total  .$3,800 

Corrected  to  May  18,  1923. 


List  arranged  in  order  of  amount  of  advertising  secured. 

Please  solicit  advertisements  or  write  the  Secretary-Treasurer,  giving 
list  of  those  whose  advertisements  you  wish  solicited. 
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ADAMS,  ROWE  &  NORMAN 

COAL 
AND 
OKE 

BROWN-MARX  BUILDING 

BIRMINGHAM,  ALABAMA 


Locomotive  Coal 


Washed  8C  Sized  Smithing  Coal 
Gas,  Steam  and  I>omestic  G>al 

Hand  Picked  72  Hour  Foundry  G>ke 


Annual  Tonnage  2^  Million 

W.  C  Adams  J.  A.  Norman  E.  J.  Rowe 
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Star  Coal  Company 

of  GalesDurg 

W.  R.  HAWKINS,  Gmtmrul  Mmtmgmr 


GOOD  COAL 

Proamt  Service 


GENERAL  OFFICES 

66  North  Prairie  Street 

GALESBURG,  ILL. 
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HAT  does  an  analysis  of  LOGAN  COAL 
show  ? 


That  is  a  question  asked  us  very  often,  so  this  infor- 
mation must  be  of  interest  to  many  coal  buyers. 

The  state  of  Miimesota  can  be  classified  as  a  ''par- 
ticular'* coal  buyer.  They  carefully  analyze  all  the 
coal  they  buy.  An  analysis  made  by  the  state  on 
LOGAN  COAL  (No.  2  stove)  shipped  to  the 
state  priscHi  at  Stillwater,  Minn.,  shows  the  following 
analysis: 

Moisture  6.9 

Sulphur  2.7 

Ash   7.8 

B.  t.  u.  Commercial  12,240 

LOGAN  COAL  has  proven  very  satisfactory  to 
the  State  of  Minnesota.  It  cannot  help  but  meet 
the  approval  of  all  well  informed  coal  buyers 


Franklin  County  Coal 

John  A.  Logan  Coal  Co 

76  WEST  MONROE  STREET,  CHICAGO 


Minneapolis — Lumber  Exchange  Bldg. 


Shipihents  from  Logan*  Franklin  County.  111.,  via 
C.  B.  &  Q.  and  Illinois  Central  Railway 
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PREMIUM  COAL 

Highest  Qucdity  Bituminous 


An  Economical  Steam  Producer 


BIG  CREEK  COALS  INC. 

Peoples  Gas  Building 
OMAHA  Chicago  Minneapolis 


F.  R.  LONG  ^  CO.,  Inc 

Broadway  and  34th  Street 
New  York  City 

Suppliers  of  Railroad  Fuel 
Service  tkat  is  an  Asset 

to  any 

RAILROAD 
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F.  KOHL,  E.  E.  FYKE,  HARRY  KOHL, 

President  Vice-Fres.  and  Gen.  Mgr.  Treasurer 

Marion  County  Coal  Co. 

PRODUCERS  OF 

GLENRIDGE  COAL 

PREPARED  DOMESTIC  SIZES 

6-Inch  Lump,  6  x  3-Inch  Egg,  3  x  2-Inch  Nut 

MINES  LOCATED  ON 

Illinois  Central  and  C.  B.  &  Q.  R.  R. 

At  Centralia,  01. 

Reaching  all  points.  West  and  Northwest 

Service  and  Quality 

EXCEEDED  BY  NONE 

Telephone  Harrison  0658 

CHAS.  B.  CONE,  Mgr.  of  Sales,  Executive  Office  and  Mines, 

536  McCormick  Bldg.,  Chicago  Centralia,  Illinois 


ELKINS  FUEL  COMPANY 


MINERS 


SHIPPERS 


MORGANTOWN,  W.  V A. 

Ea«tern    Office:    BETHLEHEM,  PA. 
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Madeira,  Hill  &  Company 


260  South  Broad  Street 
PHILADELPHIA,  PA. 


Anthracite  (]0 AL  ^^^^'^^^^^^ 


Mines    located    on    Pennsylvania,  Lehigh 
Valley,  New  York  Gentral.  PhUadelphia  & 
Reading,  Baltimore  &  Ohio,  Delaware  & 
Hudson  and  Ejrie  Railroads 

NEW    YORK    OFFICE:    143    LIBERTY  ST. 


The  Old 
Reliable 


Handfini  Railway  Fuel 

at  Lowest  Possible  Cost 

Industrial  Cranes 

Are  in  use  on  over  420  different 
railroa  ds  i  n  the  United  States, 
Canada,  Mexico,  Japan^  China. 
Australia,  India,  Russia,  France, 
Southern  America  and  Cuba. 

One  railroad  alone  owns  214  IN- 
DUSTRIAL CRANES,  another  93. 

What  greater  evidence  could 
prove  that  INDUSTRIAL 
CRANES  give  superior  service  in 
railroad  work? 

Oar  Ssltf  Eng9men  am  im  ipser  i4ete% 

INDUSTRIAL  WORKS 

BAY  CITY  MICHIGAN 

1  Q^^l  BUILDERS  OF  CRANES  t  ^ 

1  O  y  FOR  50  YEARS  1  ^ S^O 

Chicago  Philadelphia 


New  York 


Detroit 
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The  Oxweld  Railroad  Service 

Company 


REPRESENTING 


THE  LINDE  AIR  PRODUCTS  CO. 
(liade  Oxyf eo) 

UNION  CARBIDE  SALES  CO. 
(Union  Carbide) 


THE  PREST  O-LITE  CO.,  Inc. 
(Preat-O-Lite  Acetylene) 

OXWELD  ACETYLENE  CO. 
(Oxweld  Apparatus  and  Supplies) 


30  East  42ad  Street,  New  York 
Railway  Exchange,  Chicago 


PENN  YORK  COAL  &  COKE  CO. 

Keenan  Building,  Pittsburflli 

Ceneral  Sales  Agents 


Erie  Coal  Mining  Company 

Erie  Mines  Nos.  1,  2,  3,  4  &  5,  on  the  HiUiards  Branch 

Bessemer  &  Lake  Erie  Railroad 


High  Grade,  High  Volatile  Steam  Coal 
2690''— Fusing  Point  of  Ash 
Picking  Tables  Shaker  Screens 
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Interior  of  one  of  the  six  FUEL  ECONONY  CARS  operated  hy  the  I.  C  S« 

Six  cars  for  demonstrating 

FUEL  ECONOMY 

at  your  service 

Railway  Executives: 

DO  YOU  realize  that  the  Railroad  Service  Division 
of  the  International  Correspondence  Schools  oper- 
ates six  instruction  cars  in  connection  with  their  air- 
brake and  fuel  economy  demonstrations  to  railroad 
employees?  Arrangements  can  be  made  so  that  the  use 
of  these  cars  is  of  little  or  no  cost  to  a  railroad  company. 

For  further  information,  please  address 
RAILROAD  SERVICE  DIVISION 

International  Correspondence  Schools 
Box  171S.  Scranton,  Pa. 
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7000  TONS  DAIL  Y 

"TRADEWATER" 

COAL 


Steam  and  Domestic 
QUALITY    -    -    -   -  SERVICE 

Large  Railroad  Orders 

Handled  Promptly 

West  Kentucky  Coal  Co. 

INCORPORATED 

Shipping  Pointo:  STUR6IS  &  WHEATCROFT,  KENTUCKY 

General  Sales  Office  PADUCAH,  KENTUCKY 
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Philadelphia 

Washington 


Cleveland 
Hartford 


Johnstown 
Morgantown 


W.  A.  MARSHALL  &  CO. 


INCORPORATED 


25  Beaver  Street 


New  York  City 


We  SpecialiMe  in 


Sole  l^uppen  of 


LINCOLN  Nant-Y-Glo 
BETHEL  MiUer  Vein 

MAPLE  RIDGE  c 

HELCROFT  ln<li«i  Creek 


WOLF  DEN  Stoker  Coal 
JERE  Scott's  Run 
KERRY  Sewkkley 
■ARVE-HACK  B"Vem 


ROBERTA  Medium  Voiatile  Modiannon 
YEARLY  CAPACITY  1,800,000  TONS 

"A  satisfactory  contract  has  two  essentials — a  shipper 
of  proven  integrity  and  a  coal  of  known  quality." 


W.  A.  MARSHALL  &  CO.  OF  CANADA,  Ltd. 

Coal  for  Canadian  Roads 


NOTRE  DAME  ST.,  WEST 
MONTREAL,  P.  Q. 


401  TEMPLE  BLDG. 
TORONTO,  ONT. 
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Longer  Engine  Runs? 


Hulson  Grates  solve  the  problem  €^ 

CLEANER  FIRES 


The  Hulson  Grate  is  no  longer  an  ex- 
periment; its  adoption  as  standard 
equipment  afiects  all  branches  of  rail- 
roading. The  change  is  easily  and 
quickly  made.  The  applications  pay 
for  themselves  in  from  thirty  to  sixty 
days.    Start  your  investigation  now. 


Hulson  Grate  Company 

Manufacturers  of  the  Hulson  Grate  for 
Stationary  Boilers,  Locomotives  and  Kilns 

Keokuk,  Iowa 
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Providence  Coal  Mining 

Company 


Incorporated 

Providence,  Kentucky 


Minars  anid  Shippers  of  No.  9 
WESTERN  KENTUCKY  COAL 


Mines  Located  on 
minois  Central  and  Louisvflle  &  Nashville  Railroads 


JOHNS-MANVILLE  RAILROAD  SUPPLIES 


Asbestos  Packings 

Asbestos  Protected  Metal 

Asbestos  Roofings 

Asbestos  Shingles 

Ebony  &  Transite  Asbestos  Wood 

Expander  Rings  for  Air  Brake 
Cylinders 

High  Temperature  Cements 

Industrial  Flooring 

Locomotive  Lagging 

Locomotive  Packings,  including 
Air  Pump,  Throttle,  Valve, 
Stem,  Cab  Cock,  Gaskets,  etc. 

Locomotive  Spiral  Pipe  Covering 


No.    82    Moulded   Packing  Cups 
and  Expander  Rings  iox  Power 
Reverse  Gear  Cylinders 
Orangeburg  Fibre  Conduit 
Orangeburg     Underfloor  Duct 
System 

Pipe  Covering  for  all  classes  of 

service 
Refrigerator  Car  Insulation 

Steam  and  Radiator  Traps 
Steel  Passenger  Car  Insulation 
Transite  Asbestos  Smoke  Jacks 
Transite     Corrugated  Asbestos 
Roofing  and  Siding 


JOHNS-MANVILLE,  INC. 

Nmr  York  City 

Branches  in  56  Large  Cities 
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THERMIC  SYPHON 


INCREASES  boiler  capacity  by  placing 
a  large  increase  of  heating  surface  in 
the  firebox  where  water  evaporation  is 
the  greatest.  This  solves  the  problem  of 
**over  cylindered"  locomotives. 

In  the  interest  of  economy,  efficiency  and 
safety.  Syphons  should  be  used  in  every 
locomotive. 


LOCOMOTIVE  FIREBOX  COMPANY 

Marquette  Building,  Chicago,  Illinois 

The  Holden  Company,  Limited 

Montreal    Toronto    Winnipeg  Vancouver 


r  iif^- T^T:  T^r  .^^  -Tpr*  I0r  'W 

  d 
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Brothers  Valley  Coal  Co. 

90  West  Street,  New  York 
MINERS  and  SHIPPERS  of 

Pen-Mar  Smokeless  Coal 

Une3u:elled  for  Steam  and  Domestic  Purposes 

Also 

"B.  V."  Smithing  Coal 

Daily  Capacity.  5000  Tons 

W.  E.  McCAULEY,  Traffic  Manager,  Union  Trust  BUff.,  BALTIMORE,  MD. 


The  Gauley  Moiintam  Coal  Co. 

IQNERS  OP 

HIGH  GRADE  GAS  COAL 

P^roxiaMte  Anmhti*                               Ultimate  Analysis 
Moisture    1.44%     Carbon    82.63% 


Volatile  matter.    34.20%     Hydrogen    5.8o4 

Fixed  carbon   60.80%    Oxygen    5.364 

  3.56%    Nitrogen   1.8ofc 


Sttlphur   0.79% 

o  ,  .  •00.00%    A.h    3.62% 

Sulphur    0.77%   

B.  T.  U.-s  dry  coal   14,855  100.00% 

Fusing  point  of  ash  2728°  F, 

MINES:  Ansted  and  Jodie,  Fayette  County,  West  Virginia 


SALES  OFFICES:  523-524  American  NatkMud  Bank  Bldg., 

Richmond,  Va. 


1 
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THIS  IS  A  GRAPHIC  CHART  SHOW- 
ING THE  FUEL  COST  OF  RAISING  100 
POUNDS  OF  STEAM  ON  A  LOCOMOTIVE, 
BOTH  WITH  COLD  AND  HOT  WATER 


FueLiN  FHUWOK 

Laying 


Fuel  In  Firebox 
Additional 

fUisiNG  Steam 
Pressure. 


FttH.  R£Q.uiRM>  In 

Poweit  Plant  For. 
Gknmutino 


Weight  Of  Fuel  In  Pounds 


4538  ToTAt  Fu£k  Cold  wat&r^ 


2l33*TbTAL  Fue-l 


Hot  Wat&»»- 


2205  *Fo6L  Saving 


Made  By  Hot  Watbr. 


IN  ADDITION  TO  THE  FUEL  SAVING, 
NATIONAL  WATER  BOILER  WASHING 
AND  RE-FILLING  SYSTEMS  SAVE  SEV- 
ERAL HOURS  IN  TIME  FOR  EACH  LOCO- 
MOTIVE WASHED.    WRITE  FOR  FULL 

DETAILS 


I* 


Mi  boiler 


^ilway  Exchange  Building,  Chicago,  Illinois 
Works:  Bitnmffm,  lUinds 


^^^^^^^ 


272 


"QldBen'* 
"Purity" 

"Christopher** 


Franklin  County  Coal 


The  Most  Perfectly  Prepared 
Bitimunous  Coal  Obtainable 


Mined  and  Shipped  by 


Old  Ben  Coal  Corporation 

Chicago,  UL  Minne^iolis,  Minn. 
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Ills 


■  ^  COAL  COMPANY  ■  W 


Old  Colony 


Ciiicafio 


We  Mine  and  Sell 


Reliance  m  Empire 

COALS 


MINES  AT 
Springfield.  Illinois 
Auburn.  Illinois 
ViRDEN.  Illinois 
GiRARD.  Illinois 
NoKOMis,  Illinois 


MINES  ON 

Big  Four 
Chicago  ft  Alton 

Chicago.  Burlington  ft  Quincy 
Chicago  &  Eastern  Illinois 
Chicago  ft  Northwestern 

CHICAGO.  PCORIA  a  ST.  LOUIS 


Caradfy:  300  Cars  DtUy 


Pennsylvania  Coed  &  Coke 

Corporation 

Miners  and  Shippers 


steam 

COALS 


Webster  Selected  Smithing  Coal 


New  York,  17  Battenr  Place 


Philadelphia,  Lsnd  Title  Bldg. 
Hartford,  36  Pewrl  Street 


Boston,  141  Milk  StrMt 

Syracuse,  Union  Bldg. 
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International  Kallvva^  JTuel  Hadociatlon 

APPLICATION  FOR  MEMBERSHIP 


Date™ 

Nfame   

Title  or  Position   

Railroad  or  Firm  „  


ADDRESS 

< 

State    

Room  Number  and  Building  (if  necessary) 

EXTRACTS  FROM  CONSTITUTION 


ARTICLE  V— FEES  AND  DUES 

The  admission  fee  shall  be  $2.00  for  those^  r|sidiug  in  the  Continental  United  States* 
except  Alaska,  and  Canada. 

There  shall  be  no  admission  fee  for  those  residing  in  Alaska  and  other  than  the 
Continental  United  States  and  Canada. 

The  annual  dues  shall  be  $5.00  per  year,  due  and  payable  on  January  first.  If  applica- 
tion for  membership  is  made  betAveen  January  first  and  before  the  close  of  the  annual 
meeting  the  admission  fee  and  current  dues  shall  accompany  the  application. 

If  application  for  membership  is  made  after  the  close  of  the  annual  meeting  the 
admission  fee  shall  accompany  the  application,  and  no  does  will  be  collected  for  the 
remainder  of  the  fiscal  year. 


IF  APPLICATION  IS  FOR  NEW  MEMBERSHIP 
$2.00  or  $7.00  (see  extract  from  Constitution  next  above)  should  accompany  this 
application,  or  if  you  prefer  and  so  advise,  we  will  bill  against  your  company 
for  that  amount. 

IF  APPLICATION  IS  FOR  REINSTATEMENT  OF  MEMBERSHIP 
$5.00  plus  previous  indebtedness  should  accompany  this  application,  or  if  you 
prefer  and  so  advise,  we  will  bill  against  your  company  for  that  amount  or 
any  part  thereof. 

Memberships  are  Transferable,  but  can  be  held  only  by  an  Individual 
Send  application  with  your  personal  check,  drawn  on  any  bank  in  the  United 
States  or  Canada»  pi^rable  to  the  International  Railway  Fuel  Association, 

702  £.  51st  St^  Chicago 


DO  NOT  FILI*  IN  BLANKS  BELOW  THIS  LINE 

SECRETARY'S  RECORD 


RECEIVED  the  following  subject 
to  approval  of  Executive  Committee: 

Admission  Fee     -  I 


Current  Dues    -    -  I. 


Previous  Indebtedness  $ 


Total 


LIST 


ENTERED  BY 
A  I    B  C 


DATS 
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Checked  for 

D.  N.  P.  D. 

1 

No.  of  Member- 
ship Card 
Issued 

1 

Entered  on 
Alphabetical 
Member  List 

1 

Entered  on 
Classified 
Member  List 

Addressograph 
Plate  Ordered 

BiU  Card  Made 

1.  -■— 1— .-  ■  

1 

1 

Monmouth  Coal  Company 

BRERETON.  ILLINOIS 

W.  J.  SPENCER.  Prewkol 
MINES 

Fulton  G)unty,  Illinois 

PHONE 
Canton,  IIL,  Main  42 
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SUGGESTED  SUBJECTS  FOR  1924  MEETING 


Submitted  by  , 

Please  sign  on  this  line 


CT  I'D  TTT/^T^C 

WRITER  OR 
CHAIRMAN  OF  COMMITTEE 

- 

■ 

• 

• 

Please  fill  in  and  return  promptly  to  International  Railway  Fuel  Asso- 
ciation, 702  East  51st  street,  Chicago. 

J.  G.  Crawford, 

Secretary-Treasurer. 

Note:  The  Secretary  keeps  a  file  of  suggested  subjects  for  use  of  the 
Escecutive  Committee.  Every  subject  received  is  considered. 
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Internatidnal  Railway  Fuel  Association 

ORDER  BLANK  FOR  PROCEEDINGS 


International  Railway  Fuel  Association, 

J.  G.  Crawford,  Secretary-Treasurer, 
702  East  51st  Street, 
Chicago,  111. 

 19 


Send  proceedings  as  indicated  below  to  address  and  under  form  of 
payment  shown : — 


Meeting 
Number 

PRICK  PER  COPY 

NO.  OF  COFl£S  WANTED 

Amoaat 

Paper 
Binding 

Leather 
Binding 

Ptip<»r 
Binding 

1 

2 
3 
4 
S 
6 
7 
8 
9 

10 
11 
12 

.  13 
14 

1909 
1910 
1911 
1912 
1913 
1914 
1915 
1916 
1917 
1918 
1919 
1920 

1921 
1922 

Out  of  Print 

Out  of  Print 

 ! 

$1.00 
1.00 
1.00 
1.00 
1.00 
1.50 
Out  of  Print 
1.00 

Out  of  Print 
$0.50 

.50 

Out  of  Print 
.SO 
.50 
1.00 

None  issued 

2.00 
2.00 

l.,eather 
Binding 

3.75* 
3.75* 

None  issued 
None  issued 

Imit.  Leather 
Binding 

3.00 

3.00 

Total  Amount  of  Bill 

Name  

Title  or  Position 


Railroad  or  Firm,  etc. 


x/i 


Street  and  Number 

Town 


State  Room  Number  and  Building 

PLEASE  INDICATE  FORM  OF  PAYMENT 

Check,  Draft  or  Money  Order  with  order  , — 

Bill  to  be  made  against  me  personally  

Bill  to  be  made  against  above  company 


All  members  should  have  complete  file  of  proceedings,  in  to  far  «  it  is  poM^ieito  •btaia 

♦Only  a  few  of  these  issued.  Members  may  exchange  their  imitation  leather  bound 
copies  for  the  genuine  leather  bound  copies  on  payment  of  seventy-hve  cents. 
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Worth ington  Locomotive 

Boiler  Feed  Pump 
and  Feed  Water  IHeater 

Saves  10%  of  Coal 


It  is  a  self-containecl  unit — a  feed 
pump  mad  fimd  heater  of  the  open 
type  that  retortis  all  ot  the  condensate 
back  to  the  boiler.  This  feed  heating 
unit  raises  the  steaming  capacity  of 
the  boiler  by  at  least  10%  the  year 
'round,  and  saves  enough  coal  to  earn 
its  original  cost  in  a  comparatively 
short  time. 

Other  Worthington  apparatus  adapted 
to  railroad  use  includes  power  plant 
auxiliaries,  open  feed  heaters,  air  com- 
pressors, oil  engines  and  pumping  sta- 
tion eqaipnoumt. 

WORTHINGTON  PUMP 
AND  MACHINERY  CORP. 

&ceetttive  Offices: 
lis  Broadway,  New  York  City 

Branch  Offices  in  24  LargelCities 
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